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Accessing mesoporous and nanostructured biomate-
rial information can be particularly time-consuming and
problematic due to the interdisciplinary nature of the field.
Relevant papers can be found across a broad range of
journals and various key words are needed to comprehen-
sively retrieve information. A keyword lexicon and themed
bibliography of over 250 review articles from more than
100 different journals has therefore been assembled to
aid students and researchers in this expanding field. Re-
views dedicated to fabrication of mesoporous materials
and some key characterisation techniques are grouped to-
gether. Reviews focussed on specific medical issues like
biocompatibility and toxicological testing are also pro-
vided. Medical applications that have been the focus of
reviews include drug delivery, cancer therapy, medical
imaging, orthopaedics, tissue engineering, biofiltration,
biosensing and bioanalysis. The following mesoporous
materials also have had dedicated reviews on biomedi-
cal uses: silica, silicon, silicates, metallic biomaterials,
metal organic frameworks, carbonaceous materials, cal-
cium phosphates, titania, and alumina.
The academic literature, excluding textbook and text-
book chapters, was searched using the lexicon shown in
table 1 to capture the field, in conjunction with “review”.
Searching was conducted via Google, PubMed, Scopus,
Google Scholar and Web of Science.
Reviews on mesoporous materials which focussed on
non-medical applications were also excluded. Reviews
based on nanoscale component structures with meso-
porosity, like nanotubes, were included, whilst reviews
solely on solid nanoparticles were not. The reviews found
have been grouped as shown schematically in figure 1,
depending on whether their emphasis is on fabrication,
characterisation, medical testing or specific medical uses.
General reviews which featured both medical and non-
medical applications have been included, but those fo-
cussed solely on non-medical applications have not. Re-
viewswhich discuss the applicability of various character-
ization techniques to mesoporous materials in general, or
specific mesoporous materials, were included. Most of the
reviews that focus on one specificmesoporousmaterial for
one specific medical application were grouped within the
medical application section, rather than the correspond-
ing dedicated material section.
Figure 1: Grouping of retrieved reviews (coloured topics) on meso-
porous materials and biomaterials. Reviews which focus on non-
medical and non-biological applications were not included. Reviews
which focus on general fabrication techniques and characterization
techniques were included.
Nearly 300 reviews have been collated spanningmore
than 100 different journals. Within each group, reviews
are arranged chronologically with the most recent first.
The most intensively studied mesoporous biomaterial and
medical application areawere found to bemesoporous sil-
ica and drug delivery respectively, both with more than 50
dedicated reviews over the last decade 2005-2015.
General reviews on mesoporous materials
1. Recent advances in hybrid periodic mesostructured
organosilica materials: opportunities from funda-
mental to biomedical applications. M.A.Wahab, J.N.
Beltramini. RSC Adv. 5. 79129-79151 (2015).
2. Physicochemical properties affect the synthesis,
controlled delivery, degradation and pharma-
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cokinetics of inorganic nanoporous materials. I.K
Yazdi, A. Ziemys, M. Evangelopoulos, J.O. Mar-
tinez, M. Kojic, E. Tasciotti. Nanomedicine.DOI:
10.2217/nnm.15.133 (2015).
3. Mesoporous materials as multifunctional tools in
biosciences : principles and applications. M. Moritz
and M. Geske-Moritz. Mater. Sci. Engn.C49, 114-151
(2015).
4. Soft matter in hard confinement: phase transition
thermodynamics, diffusion and flow in nanoporous
media. P.Huber. J.Phys.Condens.Matter 27, 103102
(43pp) (2015).
5. Silicon: The evolution of its use in biomaterials. J.R.
Henstock, L.T.Canham, S.I. Anderson. Acta Bioma-
terialia 11, 17-26 (2015).
6. Hollow structured mesoporous materials : chemical
synthesis, functionalization and applications. Y. Li
and J. Shi. Adv. Mater. 26(20) 3176-3205 (2014).
7. Polymeric nanoporous materials fabricated with
supercritical CO2 and CO2-expanded liquids. A.
Zhang, Q. Zhang, H. Bai, L. Li, J. Li. Chem. Soc. Rev.
43, 6938-6953 (2014).
8. Stimulus-responsivemetal organic frameworks. S.S.
Nagarkar, A.V. Desai, S.K. Ghosh. Chem. Asian J. 9(9)
2358-2376 (2014)
9. Nanofibrous scaffolds for biomedical applications.
K.C.Gupta, A.Haider, Y.Choi, I.Kang. Biomater.Res.
18:5 (2014).
10. Nanoporous metal organic framework materials for
smart applications. M.R. Ryder, J.C. Tan. Mater. Sci.
Techn. 30(13) 1598-1612 (2014).
11. Recent progress in aerogel science and technology.
K. Kanamori. Adv. Porous Mater. 1, 147-163 (2013).
12. Bio-inspired silica-collagen materials: applications
and perspectives in themedical field. S.Heinemann,
T.Coradin, M.F.Desimone. Biomater.Sci. 1,688-702
(2013).
13. Mesoporous silica nanoparticles in nan-
otechnology. D.Douroumis, I.Onyesom,
M.Maniruzzaman,J.Mitchell. Crit.Rev.Biotechnol.
33(3) 229-245 (2013).
14. Synthesis, properties and applications of porous
graphene: a review. P. Russo, A.Hu, G. Compagnini.
Nano-Micro. Lett. 5(4) 260-273 (2013).
15. Nanoporous gold electrodes and their applications
in analytical chemistry. M.M. Collinson. Analytical
Chem. Article 692484, 21 pages (2013).
16. Ordered porous nanomaterials: the merit of small.
A.B. Mucia. ISRN Nanotechnology. Article 257047
(2013).
17. Silicon micro- and nanofabrication for medicine. D.
Fine, A. Grattoni, R. Goodall, S.S. Bansal, C. Chi-
appini, S. Hosali, A.L. van de Ven, S. Srinivasan,
X. Liu, B. Godin, L. Brousseau 3rd, I.K. Yazdi, J.
Fernandez-Moure, E. Tasciotti, H.J. Wu, Y. Hu, S.
Klemm, M. Ferrari. Adv Healthcare Mater. 2(5):632-
66. doi: 10.1002/adhm.201200214. (2013).
18. Nanoarchitectonics for Mesoporous Materials. K.
Ariga, A. Vinu, Y. Yamauchi, Q. Ji, J.P. Hill. Bull.
Chem. Soc. Jpn. Vol 85, No 1. 1-32 (2012).
19. Multifunctional to multistage delivery systems: The
evolution of nanoparticles for biomedical applica-
tions. J.O. Martinez, B.S. Brown, N. Quattrocchi, M.
Evangelopoulos, M. Ferrari, E. Tasciotti. Chin Sci
Bull. 57(31):3961-3971 (2012).
20. Stimuli-responsive polymer brushes for flow con-
trol through nanopores. S.P.Adiga, D.W.Brenner.
J.Funct.Biomater. 3,239-256 (2012).
21. Structure and functionalization of mesoporous bio-
ceramics for bone tissue engineering and drug deliv-
ery. M.Vallet-Regi, I.Izquiredo-Barba, M.Colilla. Phi-
los.Trans.Roy.Soc.A370(1963) 1400-1421 (2012).
22. Magnetic nanocomposites with mesoporous struc-
tures: synthesis and applications. J.Liu, S.Z.Qiao,
Q.H.Hu, G.Q.Lu. Small 7(4) 425-443 (2011)
23. Metal-Organic Frameworks: A Rapidly Growing
Class of Versatile Nanoporous Materials. S.T. Meek,
J.A. Greathouse, M.D. Allendorf. Adv. Mater. 23, 249-
267 (2011).
24. Bioceramics – from bone regeneration to cancer
nanomedicine. M.Vallet-Regi, E.Ruiz-Hernandez.
Adv.Mater 23 (44) 5177-5218 (2011).
25. Multifunctional hybrids by combining ordered
mesoporous materials and macromolecular
building blocks. G.J.A.A. Soler-Ilia, O.Azaroni.
Chem.Soc.Rev. 40(2) 1107-1150 (2010).
26. Pores in carbonmaterials – importance of their con-
trol. M. Inagaki. New Carbon Materials 24(3) 193-222
(2009).
27. Multifunctional inorganic nanoparticles for imag-
ing, targeting, and drug delivery. M. Liong, J. Lu,
M. Kovochich, T. Xia, S.G. Ruehm, A.E. Nel, F.
Tamanoi, J.I. Zink. ACS Nano. 2(5):889-96. doi:
10.1021/nn800072t. (2008).
28. New families of mesoporous materials. A. Vinu, T.
Mori, K. Ariga. Sci. Technology Advan. Mater. 7 753
-771 (2006).
29. Mesopore-modified zeolites: preparation, charac-
terization and applications. Y. Tao, H. Kanoh, L.
Abrams, K. Kaneko. Chem. Rev. 106(3) 896-910
(2006).
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30. Chemistry of Aerogels and their applications. A.C.
Pierre, G.M. Pajonk. Chem. Rev. 102, 4243-4265
(2002).
31. Non-siliceous mesostructured and mesoporous
materials. F. Schuth. Chem. Mater. 13(10) 3184-3195
(2001).
32. Ordered mesoporous materials. U.Ciesla,F.Schuth.
Micro.Meso. Mater. 27(2-3) 131-149 (1999).
33. Periodicmesoporous silica-based organic-inorganic
nanocomposite materials. A.Sayari,S.Hamoudi.
Chem.Mater. 13(10) 3151-3168 (2001).
34. Synthesis of inorganicmaterials with complex form.
S. Mann, G.A. Ozin. Nature 382, 313-318 (1996).
Reviews on fabrication techniques
1. Molecular and supramolecular switches on meso-
porous silica nanoparticles. N. Song, Y-W. Yang.
Chem. Soc. Rev. 44, 3474-3504 (2015).
2. Well-ordered nanohybrids and nanoporous
materials from gyroid block copolymer templates.
H.Y. Hsueh, C.T. Yao, R.M. Ho. Chem. Soc. Rev. DOI
10.1039/C4CS00424H (2015).
3. Nanoporous silica-based protocells at multiple
scales for designs of life and nanomedicine. J. Sun,
E. Jakobsson, Y. Wang, C.J. Brinker. Life 5, 214-229.
Doi: 10.3390/life5010214 (2015).
4. Heterogeneity within order in metal organic frame-
works. H. Furukawa, U. Muller, O.M. Yaghi. Angew
Chemie Intn. Ed. (2015) in press
5. Host-guest chemistry of mesoporous silica: precise
design of location, density and orientation ofmolec-
ular guests in mesopores. M. Sohmiya, K. Saito, M.
Ogawa. Sci. Technol. Adv. Mater. 16. 054201,17pp
(2015).
6. Designing advanced functional periodic meso-
porous organosilicas for biomedical applications.
D. Esquivel P. Van der Voort, F.J. Romero-Salguero.
AIMS Mater Sci. Vol 1, Iss 1, 70-86. (2014).
7. Nanoporous hydroxyapatite preparation methods
for drug delivery applications. N.F. Mohammad, R.
Othman, F. Yee-Yeoh. Rev. Adv. Mater. Sci 38. 138-147
(2014).
8. A perspective on mesoporous TiO2 materials. W. Li,
Z.Wu, J.Wang,A.A. Elzatahry,D. Zhao. Chem.Mater.
26(1) 287-298 (2014).
9. Porous anodic aluminium oxide: anodization and
template synthesis of functional nanostructures. W.
Lee, S.J. Park. Chem. Rev. 114(5) 7487-7556 (2014).
10. Recent advances in the synthesis of hierarchically
nanoporous zeolites. K. Na, M. Choi, R. Ryoo. Micro.
Meso. Mater 166, 3-19 (2013).
11. Soft templating strategies for the synthesis of meso-
porous materials: inorganic, organic-inorganic hy-
brid and purely organic solids. N. Pal, A. Bhaumik.
Adv. Colloid Interface Sci. 189-190, 21-41 (2013).
12. Field-Induced alignment controls of one-
dimensional mesochannels in mesoporous
materials. Y. Yamauchi. J.Ceram. Soc. Japan. 121(9)
831-840 (2013).
13. Synthesis of mesoporous silica nanoparticles. S-H.
Wu, C-Y.Mou,H-P. Lin. Chem. Soc. Rev. 42, 3862-3875
(2013).
14. Engineering of Hollow Mesoporous Nanoparticles
for Biomedical Applications. Y. Chen,H. Chen, J. Shi.
Advanced Porous Materials Vol 1, 34-62 (2013).
15. Formation of mesostructured thin films at the air-
liquid interface. K.J.Edler, B.Yang. Chem.Soc.Rev. 42,
3765-3776 (2013).
16. Direct synthesis of ordered mesoporous carbons. T.
Y. Ma, L. Liu, Z. Y. Yuan. Chem. Soc. Rev. 42, 3977-
4003 (2013).
17. Ecodesign of ordered mesoporous silica materials.
C.Gerardin, J.Reboul, M.Bonne, B.Lebeau.
Chem.Soc.Rev. 42, 4217-4255 (2013).
18. Recent progress in mesoporous titania materials:
adjusting morphology for innovative applications.
J.L. Vivero-Escoto, Y. D. Chiang, K. C-W. Wu. Sci.
Technol. Adv. Mater.13 1-9 (2012).
19. Design and preparation of porous polymers. D. Wu,
F. Xu, B. Sun, R. Fu, H. He, K. Matyjaszewski. Chem.
Rev. 112(7) 3959-4015 (2012).
20. Synthetic routes toward MOF nanomorphologies.
E.A. Flugel, A. Ranft, F. Haase, B.V. Lotsch. J. Mater.
Chem. 22, 10119-10133 (2012).
21. Materiomics: An – omics Approach to Biomaterials
Research. S.W. Cranford, J. de Boer, C.A. van Blitter-
swijk, M.J. Buehler. Adv. Mater. 1-23 (2012).
22. Ordered mesoporous non-oxide materials. Y. Shi, Y.
Wan,D. Zhao. Chem. Soc. Rev. 40(7) 3854-3878 (2011)
23. Overview and industrial assessment of synthesis
strategies towards zeolites with mesopores. R. Chal,
C. Gerardin, M. Bulut, S. van Donk. Chem. Cat.
Chem. 3, 67-81 (2011).
24. Biomimetic smart nanopores and nanochannels.
X.Hou,W.Guo, L.Jiang. Chem.Soc.Rev. 40, 2385-2401
(2011).
25. Templated nanoscale porous carbons. Y. Xia, Z.
Yang, R. Mokaya. Nanoscale 2, Iss 5. 639-659 (2010).
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26. Nanoporous metal foams. B.C. Tappan, S.A. Steiner,
E.P. Luther. Angew. Chemie. Int. Ed. 49(27) 4544-
4565 (2010).
27. Synthesis of polymer-mesoporous silica nanocom-
posites. L. Wei, N. Hu, Y. Zhang. Materials 3,4066-79
(2010)
28. Nanoporous metals by alloy corrosion: formation
and mechanical properties. J. Weissmuller, R.C.
Newman, H-J Jin, A.M. Hodge, J.W. Kysar. MRS Bul-
letin Vol 34, 577-586 (2009).
29. Tuneable porous carbonaceous materials from re-
newable sources. R.J.White, V.Budarin, R. Luque,
J.H. Clark and D.J. Macquarrie. Chem. Soc. Rev. 38,
3401-3418 (2009).
30. Mesoporous materials: tunable structure, mor-
phology and composition. Z.Yang, Y.Lu, Z.Yang.
Chem.Commun. 2270-2277 (2009).
31. Advances in microwave assisted synthesis of or-
dered mesoporous materials. Y. Cao , H.J. Wei, Z.
Xia. Trans. Non FerrousMet. Soc. China 19, s656-664
(2009).
32. Nanoporous colloids: building blocks for a new gen-
eration of structured materials. Y. Wang, A.D. Price,
F. Caruso. J. Mater. Chem. 19. 6451-6464 (2009).
33. Nanoporous plasmonic metamaterials. J. Biener,
G.W. Nyce, A.M. Hodge, M.M. Biener, A.V. Hamza,
S.A. Maier. Adv. Mater. 120 (6) 1211-1217 (2008).
34. Microwave synthesis of zeolite membranes: a re-
view. Y. Li, W. Yang. J. Membrane Science 316. 3-17
(2008).
35. Templating mesoporous zeolites. K. Egeblad, C.H.
Christensen, M. Kustova, C.H. Christensen. Chem.
Mater. 20(3) 946-960 (2008).
36. Templating nanoporous polymers with ordered
block copolymers. D.A. Olsen, L. Chen, M.A.
Hillmyer. Chem. Mater. 20, 869-890 (2008).
37. Supramolecular aggregates as templates: ordered
mesoporous polymers and carbon. Y. wen, Y. Shi, D.
Zhao. Chem. Mater. 20(3) 932-945 (2008)
38. Mesoporous carbon materials: synthesis and mod-
ification. C. Liang and Z. Li. Angewandte Chemie
47(20) 3696-3717 (2008).
39. Silica-based mesoporous organic-inorganic hybrid
materials. F. Hoffmann, M. Cornelius, J. Morell, M.
Fröba. Angew. Chem. Ind. Ed. 45. 3216-3251 (2006).
40. Recent progress in the synthesis of porous carbon
materials. J.Lee, J.Kim, T.Hyeon. Adv.Mater. 18(16)
2073-2094 (2006).
41. Bioinspired synthesis of mesoporous silicas. Q. Sun,
E.G. Vrieling, R.A. van Santen, N.A.J.M. Sommerdijk.
Curr. Opin. Solid State. Mater Sci. 8, 111-120 (2004).
42. Synthesis of new nanoporous carbon materials us-
ing nanostructured silica materials as templates. J.
Lee, S. Han, T. Hyeon. J. Mater. Chem. 14, 478-486
(2004).
43. Chemical strategies to design textured materials:
from microporous and mesoporous oxides to
nanonetworks and hierarchical structures. G.J.
de.A.A. Soler-lllia, C. Sanchez, B. Lebeau, J. Patarin.
Chem. Rev. 102, 4093-4138 (2002).
Reviews on characterisation techniques
1. Transport phenomena in nanoporous materials. J.
Karger. Chem Phys Chem 16(1) 24-51 (2015).
2. Mesoporous bioactive glasses: Relevance of their
porous structure compared to that of classical bio-
glasses. I. Izquierdo-Barba, M. Vallet-Regi. Biomed.
Glasses 1, 140-150 (2015).
3. Structures of Silica-BasedNanoporousMaterials Re-
vealed by Microscopy. L. Han, T. Ohsuna, Z. Liu,
V. Alfredsson, T. Kjellman, S. Asahina, M. Suga, Y.
Ma, P. Oleynikov, K. Miyasaka, A. Mayoral, I. Diaz,
Y. Sakamoto, S.M. Stevens, M.W. Anderson, C. Xiao,
N. Fujita, A. Garcia-Bennett, K. B. Yoon, S. Che, O.
Terasaki. Zeitsch. Anorg. Allgem. Chemie. Vol 640.
Iss 3-4. 521-536. (2014).
4. Recent advances in solid state NMR of small
molecules in confinement. M. Werner, N. Rother-
mel, H. Breitzke, T. Gutmann, G. Buntkowsky. Isr. J.
Chem. 54(1-2) 60-73 (2014).
5. Physical adsorption characterization of nanoporous
materials: progress and challenges. M.Thommes,
K.A.Cychosz. Adsorption 20: 233-250 (2014).
6. Characterization of protein unfolding with solid-
state nanopores. J.Li, D.Fologea, R.Rollings,
B.Ledden. Protein Pept.Lett. 21(3) 256-265 (2014).
7. A review of fine structures of nanoporous materials
as evidenced by microscopic methods. Z. Liu, N. Fu-
jita, K. Miyasaka, L. Han, S.M. Stevens, M. Suga, S.
Asahina, B. Slater, C. Xiao, Y. Sakamoto,M.W.Ander-
son, E. Ryoo, O. Terasaki. Microscopy 62 (1) 109-146
(2013).
8. Diffraction analysis of mesostructured mesoporous
materials. L.A.Solovyov. Chem.Soc.Rev. 42, 3708-
3720 (2013).
9. Density functional theory methods for character-
ization of porous materials. J.Landers, G.Y.Gor,
A.V.Neimark. Coll.Surf.A437, 3-32 (2013).
10. The complexity of mesoporous silica nano-
materials unravelled by single molecule mi-
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croscopy. T.Lebold,J.Michaelis, C.Brauchle.
Phys.Chem.Chem.Phys. 13, 5017-5033 (2011).
11. Utilising thermoporometry to obtain new insights
into nanostructured materials- review part 2.
J.Riikonen, J.Salonen, V.Lehto. J. Therm. Anal.
Calorim. 105(3) 823-830 (2011).
12. Utilising thermoporometry to obtain new in-
sights into nanostructured materials- review part
1. J.Riikonen, J.Salonen, V.Lehto. J. Therm. Anal.
Calorim. : 105(3) 811-821 (2011).
13. Reporters in the nanoworld: diffusion of single
molecules in mesoporous materials. J.Michaelis,
C.Brauchle. Chem.Soc.Rev. 39, 4731-4740 (2010).
14. Physical adsorption characterization of nanoporous
materials. M.Thommes. Chemie Ingenieur Technik
82(7) 1059-1073 (2010).
15. Mercury Porosimetry : a General (Practical)
Overview. H.Giesche. Part. Part. Syst. Charact.23,
1-11 (2006).
16. Small Angle X-Ray Scattering to Characterize Nanos-
tructures in Inorganic and Hybrid Materials Chem-
istry. H. Peterlik and P. Fratzl. Monatshefte Fur
Chemie 137, 529-543 (2006).
17. Positron annihilation as a method to characterize
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